We have previously demonstrated that the shortening reflex of the leech Hirudo medicinalis displays habituation, dishabituation, and sensitization.
In this paper we demonstrate that the shortening reflex of the semi-intact animal also displays these phenomena.
In the first experiment we found that the magnitude of the touch-elicited shortening reflex decreased as a result of repeated stimulations of the skin every 2 min. The second experiment examined the change in this reflex as a function of the interstimulus interval (ISI). The reflex failed to decrease when the ISI was 10 set, but decreased significantly when the ISI was either 45 or 360 sec. Finally, in a third experiment we found that the presentation of noxious stimuli prior to habituation training prevented habituation.
Thus, as we have observed previously in the intact animal, the semi-intact animal displays habituation, dishabituation, and sensitization.
It is becoming clear that the simpler forms of nonassociative learning, habituation, and sensitization may be important building blocks for the expression of the more complex forms of associative learning, classical and instrumental conditioning (Kandel and Schwartz, 1982) . For this reason, we have begun our analysis of learning in the annelid Hirudo medicinalis with the study of habituation, dishabituation, and sensitization of the touch-elicited shortening reflex. The cellular and molecular mechanisms mediating habituation and sensitization have been explored in a number of vertebrate and invertebrate species. Perhaps the most extensive analysis of habituation and sensitization has been done by Kande1 and his colleagues (Kandel, 1976 (Kandel, ,1977 Kandel and Schwartz, 1982) on the gill-and siphon-withdrawal reflex of the marine mollusk Aplysia californica. This reflex, readily elicited by a light tactile stimulus, shows a dramatic reduction in amplitude as a result of repeated presentations of the stimulus . Habituation, in the short-term form, can last for several minutes to a few hours. Following repeated habituation, training sessions can last for weeks (Carew et al., 1972) . The amplitude of the reflex can be restored by delivering a strong sensitizing stimulus to the animal (dishabituation). The same reflex can be enhanced following the presentation of a noxious stimulus (sensitization), and this behavioral modification can be present in either a short-or a long-term form (Pinsker et al., 1973) . Habituation is thought to be due largely to homosynaptic depression at the synapses of the siphon sensory cells onto their follower cells Castellucci and Kandel, 1976 ). Sensitization appears to result from heterosynaptic facilitation at the same synapses (Byrne et al., 1978; Hawkins et al., 198 1) . Although less is known regarding the underlying neural events mediating habituation and sensitization in the leech, recent work has concentrated on defining the behavioral parameters of these phenomena. Several examples of habituation have been described in the leech. Gee (19 13) first demonstrated that repetitive presentations of a shadow or a jarring motion resulted in progressively lesser disruptions of an ongoing ventilatory response. Kaiser (1954) extended these findings and showed that the rate of habituation to the shadow was negatively correlated to the intensity of the light. Lockery Lockery and Kristan, 1985) has recently demonstrated habituation of the photic-elicited shortening response. Stoller and Sahley (1985) have described habituation, sensitization, and classical conditioning of the touch-elicited shortening response in the intact animal. In addition to modulating the shortening reflex, habituation has been observed to affect more complex behaviors, such as the shock-elicited swimming response (Debski and Friesen, 1985) and the water current-elicited motor response (Ratner, 1972) .
In this paper, we examine habituation, dishabituation, and sensitization of the touch-elicited shortening reflex in a semiintact preparation. Our goal is to develop a preparation that allows us to monitor cellular events while simultaneously measuring the behavioral response. We found that the behavior of the semi-intact preparation parallels that of the intact animal (Stoller and Sahley, 1985) . This affords us the opportunity to use this preparation to study the cellular events mediating behavioral plasticity. By studying the cellular changes during training, we hope to reveal new mechanisms that may not be apparent when using an end-point analysis in which changes in the nervous system are determined prior to and following training.
Experiment 1
Habituation and dishabituation in semi-intact leech The purpose of Experiment 1 was to determine whether the touch-elicited shortening response of the semi-intact preparation could be modified by habituation and dishabituation. The intact leech shows a significant decrease in responding as a result of 20 repeated tactile stimuli at a 2 min interstimulus interval (ISI) (Stoller and Sahley, 1985) . Responsiveness is restored following a shock to the tail. We repeated this training protocol to i n Semi-Intact Leech determine whether this behavior in the semi-intact preparation was similar to that observed in the intact animal.
Materials and methods
Animals. Jumbo (1.5 gm) leeches (Hirudo medicinalis) supplied by Ricamparex, Bordeaux, France were used throughout the experiment. About 10-l 5 animals were housed at room temperature in a 13 x 18 x 10.5 cm plexiglass container in about 0.5-l in. of leech water (0.5 gm instant ocean/liter of distilled water). The water was changed daily. Since the leeches are shipped from France, they are allowed to acclimate to the lab for at least 1 week prior to experimentation. Likewise, no leeches were used after they had been in the lab for over 3 months. Semi-intact preparation. In order to simultaneously record behavior and cellular activity, the following preparation was designed. First, a small incision was made at the animal's fifth annulus on its ventral side. The nerve cord (connective) was severed between the fused ganglia and the first segmental ganglion in order both to eliminate the complicating effects that might be contributed by the fused head ganglia (Kristan et al., 1982) and to incapacitate the anterior sucker.
In order to measure the shortening response, a 20 cm silk suture thread (Ethicon 6-O) was attached to the anterior sucker and to a force transducer (Bionix Electronics Model EDI la). Last. the leech was transected at the ninth segment, leaving 2 ganglia and the associated sinus exposed. The sinus on the remaining connective caudal to the second ganglion was removed. This preparation was then secured to a Sylgard (OS-cm-deep) lined Petri dish (9 cm in diameter) with 4 stainless steel pins placed at the line of transection. The exposed ganglia were pinned out behind the animal with shortened minuten pins (FST stainless steel; 0.1 mm in diameter). The nerve connective was sucked into a suction electrode. It was necessary to leave 2 ganglia exposed in order to relieve the stress on the electrode connection. Further, the ganglion stability that is achieved in this fashion is essential to future efforts aimed at intracellular recording. The behavioral response was recorded on a Gould 2-channel recorder (Model 220). A schematic representation of this preparation is presented in Figure 1 .
Stimulus materials. The stimulus used to elicit shortening was a shock provided via silver wires attached to a Grass stimulator (Model S88).
Two Teflon-coated silver wires (0.2 mm in diameter) were secured around the leech. Approximately 3 mm of Teflon was removed from each wire and was hooked into the dorsal surface of each leech. These wires were connected through a Grass stimulus-isolation unit (Model SI U5) to a Grass stimulator.
Individual animals were allowed to make a sufficient adjustment to the semi-intact preparation, as indicated by a stable baseline. This adjustment period usually took between 10 and 20 min. The stimulus voltage level was titrated to a magnitude slightly above the threshold for eliciting a response. Such a stimulus facilitated the observation both of increases and decreases in behavior, while causing minimal damage to the preparation. This voltage level was used as the stimulus. All shocks were 3 msec in duration. Following this titration, the leech was again allowed to return to a stable behavioral baseline.
Dependent measure. The dependent measure was the amount of shortening elicited by the conditioned stimulus (CS) recorded as the amplitude of the contraction (in mm), as measured by the tension transducer.
Data analysis. The first response was scored as lOO%, and all subsequent responses were scored as a percentage of the initial contraction. Each animal's scores were averaged in 5 trial blocks. In addition, 2 difference scores were calculated for each animal: (1) the difference between the first and the last block of habituation training (Block 1 -Block 4) and (2) the difference between the last block of habituation training and the block of trials following presentation of the dishabituating stimulus (Block 4 -Block 5). Both types of data were analyzed in 1 of 2 ways. In Experiment 1, because only one experimental group was used, t tests were used. In the remaining experiments, in which multiple experimental groups were employed, an analysis of variance (ANOVA) was used to analyze the performance of the various groups across blocks and Newman-Keuls post hoc tests were used to assess sianificant ANOVA main effects and interactions (KeDDel. 1973 ).
"Training regimen. Eight semi-intact preparations were' analyzed in this experiment. Twenty stimuli were presented at a 2 min ITI. Two minutes following the last stimulus presentation, a dishabituating shock was delivered. This consisted of 2 trains of 10 shocks each at a rate of 10 shocks/set. The dishabituating stimuli were 2 V larger than the small shock used as the habituating stimulus. The 2 min IT1 was maintained for the delivery of the dishabituating shocks. To assess the effect of the dishabituating stimulus, 3 additional test stimuli were presented again at a 2 min ITI.
Results and discussion
The mean percentages of the initial contractions on habituation Block 1 (HI), Block 4 (H4), and dishabituation Block 1 (Dl) are presented in Figure 2 . As shown in Figure 2A , the amplitude of the reflex response significantly decreased as a result of the 20 habituation training trials: t(7) = 6.5, p < 0.001. Likewise, following the dishabituating stimulus, there was a significant increase in the response: t(7) = 2.35, p < 0.05. In fact, the dishabituating stimulus almost restored the response to its initial level: t(7) = 1.2, p < 0.3. The difference scores indicated that each animal's response decreased approximately 46.5 * 7% from Block 1 to Block 4 and increased 26.1 + 13% from Block 4 to 5. The difference scores are presented in Figure 2B .
These results thus demonstrate that a semi-intact leech preparation without the fused head ganglia can display both habituation and dishabituation much as in the intact animal. Thus, the study of the reflex, and especially its plasticity, can be pursued in the segmental ganglia, which are relatively less complicated than the fused ganglia.
Experiment 2 Habituation and dishabituation over various ISIS Since nothing is known about the properties of the semi-intact leech preparation, the purpose of Experiment 2 was to assess changes in the shortening reflex as a function of a basic parameter, the interstimulus interval. In this experiment, the values of this parameter were investigated: 10, 45, and 300 sec. Fol-lowing habituation training, the dishabituating stimulus used in Experiment 1 was delivered and the reflex reassessed.
Materials and methods
The protocol used in Experiment 2 was identical to that of Experiment 1 except that, following the setup of the preparation, each leech was randomly assigned to one of 3 groups. Eight semi-intact preparations were run at each of 3 ITIs, 10 set, 45 set, and 5 min. These particular intervals were chosen to bracket the 2 min interval used in Experiment 1. Following the last stimulus, dishabituating stimuli were delivered to the leech. Since these stimuli were presented twice, the appropriate IT1 was maintained for the delivery of the facilitating shocks. Following these stimuli, 3 additional stimuli were presented at the same IT1 and voltage level as were used during habituation training. In addition, a fourth group of animals (n = 6) was run as a control group to assess the effect of total time in the experiment on the responsiveness of the preparations. Leeches in the fourth group were treated exactly as those in the experimental groups except that, following baseline measurements, the preparations were left undisturbed in their training dishes. After 100 min (the total time in the dish for leeches in the 5 min group), tests were conducted exactly as described for the experimental groups.
Results and discussion Habituation The mean percentages of initial contraction for Block 1 (first 5 trials) and Block 4 (last 5 trials) for leeches in all 3 IT1 groups are presented in Figure 3 . The ANOVA revealed a significant group effect: F(2,18) = 4.64, p < 0.05, block effect: F(1,2) = 28.1, p c 0.01; and a significant group x block interaction: F(2,18) = 10.86, p < 0.01. As seen in Figure 3 , there were no differences in the percentages of the initial contractions across the first block among leeches in all 3 groups. However, as revealed by Newman-Keuls post hoc analysis of the significant group x block interaction, leeches in the 10 set group showed no difference in responding from Block 1 to Block 4, whereas leeches in both the 45 and 300 set groups showed a significant decrease in responding from trial Block 1 to trial Block 4. Moreover, the post hoc analysis also revealed that the 300 set group showed significantly less responding in the last block of habituation training than did leeches in either of the other 2 training groups (Newman-Keuls post hoc analysis; p < 0.05). Since the percentage of initial contractions was used in these analyses, and their normalization procedure could mask differences in absolute scores, a separate ANOVA was run on the absolute initial contractions of the groups. The results of this analysis indicated no significant group effect: F(2,2 1) = 0.48, p = 0.625. In addition, leeches in the time in dish control group showed no decrease in responding over the 100 min time interval. The mean of the posttest scores was 111 f 17.3% of the pretest scores. A paired t test (pretest vs posttest) indicated no difference in responding between the 2 tests: t(5) = 0.69, p = 0.53.
Analysis of the difference scores also supports this finding. A l-way ANOVA of the Block 1 -Block 4 difference scores for leeches in each of the IT1 groups revealed a significant group effect: F(2,18) = 9.892,~ < 0.01. Newman-Keulspost hocanalysis indicated that there was a significant difference in responding among the 3 groups; animals in the 5 min group showed the greatest difference between Block 1 and Block 4 performance, while animals in the 10 set group showed no difference in responding from Block 1 to Block 4. Dishabituation As seen in Figure 4 and revealed by the ANOVA, responding was significantly greater following the dishabituating stimulus; block effect: F( 1,18) = 1.02, p < 0.01. Moreover, Newman- Keuls analysis of the significant group effect (F(2,18) = 20.64, p -C 0.0 1) indicated that leeches in the 10 set group responded more overall than leeches in either the 45 or 2 min group. The interaction was not reliable. This pattern of results is supported by the analysis of the difference scores. Leeches in all IT1 groups showed a similar increase in the magnitude of responding from Block 4 to 5; group effect: F(2,18) = 0.674, p -c 0.5.
The results of this experiment replicate and extend our findings from Experiment 1. First, repeated presentations of a tactile stimulus result in the habituation of the touch-elicited shortening reflex and the reflex is restored following the presentation of a noxious stimulus. Second, the degree of habituation varies as a function of ITI. That is, although habituation of the shortening reflex is observed at both the 45 set and 5 min intervals, it is most dramatic at the 5 min interval. Moreover, at the 10 set interval no decrease in responding is observed. The decrement in responding is not due simply to the time in the dish, since preparations held in the dish for 100 min maintain responding at 85% of their initial response amplitude. i n Semi-intact Leech This pattern of responding is consistent with several, but not all, aspects of the dual-process theory of habituation (Groves and Thompson, 1970) . Briefly, the theory states that any stimulus presented to an animal produces 2 internal responses, a decrementing process and a facilitating process. The interaction of these 2 processes determines the resultant behavioral response to the stimulus. The characteristics of the stimulus are critical in the determination of the resultant behavior. A facilitating process may have a relatively shorter duration and thus dissipate more quickly than the decrementing process. The results of Experiment 2 are consistent with this interpretation. The existence of a facilitatory process with a shorter duration than that of an antagonistic decrementing process would explain the results of Experiment 2. The observed IT1 (group) x block interaction would occur if, at the shorter intervals, sensitization produced by the stimulus had insufficient time to dissipate. In contrast, the longer ITIs would provide an adequate time interval for sensitization to dissipate and the effect of habituation on the reflex could emerge.
However, the dual-process theory also states that habituation is directly affected by the frequency of stimulus presentation, such that more rapid habituation is observed at shorter ITIs (Groves and Thompson, 1970; Thompson et al., 1973) . Our findings are just the opposite; more habituation is seen at longer intervals. Recent reports question the idea of increased habituation at shorter ITIs and suggest that the rapid response decrement observed at short ITIs may be due to motor fatigue and/ or prepulse inhibition and therefore does not reflect greater habituation (Davis, 1970; Ison and Hammond, 197 1; File, 1973) . It could be that the shortening reflex is difficult to fatigue or that the leech is insensitive to prepulse inhibition, and therefore we are seeing habituation unconfounded by fatigue or prepulse inhibition. The answer will remain unclear until the relevant cellular data are obtained. However, Groves et al. (1969) suggest Leeches in all groups show a significant increase in responding following the dishabituating stimulus.
that if a stimulus is capable of causing even short-term transient sensitization, the effects of frequency on habituation are confounded. That is, the final behavioral outcome is critically dependent on both the frequency and intensity of the stimulus and their interaction. The sensitizing effects of a stimulus can be observed early in habituation; responding on the initial trials increases and then decreases as training progresses. We see this pattern of responding in 90% of the leeches in these studies. Thus we suggest that the critical variable in our studies may be the intensity of the habituating stimulus and that with a very weak stimulus we would observe more rapid habituation at shorter intervals. As for dishabituation, however, no differences were observed in the magnitude of this response. The difference scores indicated that the same magnitude of facilitation was produced by the dishabituating stimulus regardless of the level of responding produced by the habituation training.
Experiment 3 Sensitization of the shortening reflex Sensitization refers to the increased responsiveness in an animal's behavior following an experience with a strong, often noxious, stimulus (Domjan and Burkhardt, 1984) . Sensitization has been described on both behavioral and cellular levels for a number of vertebrate and invertebrate species. Perhaps the bestdescribed analysis of sensitization is for the gill-and siphon- withdrawal reflex of the marine mollusk Aplysia californica (Hawkins et al., 1987) . In these experiments, sensitization is reflected as an increase in the magnitude of the gill-or siphonwithdrawal reflex. No data are available on the time course of this sensitization, nor is there evidence regarding the effect of sensitization on subsequent habituation. For this reason we have examined the effect of a sensitizing stimulus both on the level of initial responsiveness of the shortening reflex prior to habituation training and on its effect on the rate of the subsequent habituation.
Ten leeches were randomly divided into 2 groups, shock (S) and no shock (NS). The dissection procedures were exactly as described in Experiment 1. The training procedures were also identical to those described in Experiment 1, except that prior to the first stimulus, 2 stimuli were administered to establish a baseline behavioral response. Following the initial baseline test stimulus, the animals in Group S received 2 sensitizing stimuli identical to those used to dishabituate in Experiments 1 and 2. Each of these stimuli was given at an IT1 of 2 min and preceded the rest of the stimuli by 2 min. Two minutes following the sensitizing stimulus, regular habituation training with a 2 min ITI began. Two minutes following the last training trial, the dishabituating stimulus was presented.
Results and discussion The mean percentages of the initial contractions in 5 trial blocks for the 2 groups are presented in Figure 5 . As is apparent, animals that received the sensitizing treatment showed very little decrement in responding over the habituation training session as compared to animals that did not receive this stimulus. The ANOVA revealed a significant group effect: F(1,8) = 11.58, p < 0.0 1; block effect: F( 1 ,S) = 5.69, p < 0.05; and group x block interaction: F(1,8) = 6.35, p < 0.05. The Newman-Keuls post hoc analysis of the interaction indicated that no significant differences were observed between Blocks 1 and 4 for animals in the shock group, while, in contrast, animals in the NS group showed a significant decrement in response amplitude from Block 1 to Block 4. Contrary to our initial expectations, no difference in initial responding between the 2 groups was observed: p > 0.1. Neither were there differences in the absolute magnitude of the response or in the percentage of initial contraction. In a separate ANOVA on Blocks 4 and 5, leeches in both groups showed an increase in responding following the dishabituating stimulus block effect: F( 1,8) = 11.27, p < 0.0 1; although leeches in the shock group showed significantly more responding overall; group effect: F( 1,8) = 12.19, p < 0.0 1. In order to further characterize the difference between the 2 groups, we calculated 2 difference scores for each leech, one from Blocks 1 to 4 and a second from the difference of responding from Blocks 4 to 5. The difference scores are presented in Figure 6 . A t test for independent means indicated that the difference scores for Blocks 1 and 4 were significantly greater for leeches in the shock group than for those in the no-shock group: t(8) = 3.212, p < 0.01. In contrast, no differences were found in the Block 4 to Block 5 difference scores between leeches in the 2 groups: t(8) = 0.76, p > 0.5.
Experiment 3 demonstrates several important facts. First, the results from the NS group replicate the findings of Experiment 1. Second, a noxious stimulus presented prior to habituation did not cause an increase in baseline response, while it did retard subsequent habituation. The same noxious stimulus produced a significant increase in responding when presented to leeches in the shock group following habituation trials. In addition, this noxious stimulus resulted in a significant increase in responding back toward baseline for leeches in the no-shock group, which had shown significant habituation. Thus, a stimulus that pro-duces dishabituation of a decremented response does not produce sensitization, measured as an increased response magnitude. Across training, though, the noxious stimulus has a dramatic effect on the behavior; the presentation of the stimulus prior to habituation training dramatically retards the subsequent response decrement.
An alternative interpretation of the observed results is that the lack of an increase in responsiveness as a result of the sensitizing stimulus is simply due to a "ceiling effect." For several reasons we do not feel that this is the case. First, we do see a significant increase in responding in this same group following the presentation of the dishabituating stimulus. Second, in classical conditioning experiments, paired presentations of a CS (the tactile stimulus used in these experiments) with an unconditioned stimulus (the noxious stimulus used with these experiments) results in an enhancement of the response to the CS significantly above baseline responding (Sahley and Ready, 1985, 1988) . Third, individual animals often exceed this "ceiling." Last, the habituating stimulus used is set only slightly above threshold in order to minimize stress. The animals in the study were therefore capable of responding at a level that exceeded the baseline used.
This pattern of results suggests that a noxious stimulus has at least 2 effects on this reflex: (1) it restores the reflex following habituation and (2) it prevents the habituation of a nondecremented response. Since the effect of the stimulus is dependent on its magnitude (Groves et al., 1969) we suggest that if a stronger stimulus were used, an increase in the magnitude of the reflex would be observed. Likewise, if a less intense stimulus were used, perhaps habituation would proceed in a way more similar to that observed for leeches in the control group. If this were the case, a third effect of a noxious stimulus would be an increase in responding over baseline (sensitization).
General Discussion Habituation and dishabituation
The results ofthese 3 experiments clearly indicate that the touchelicited shortening response of the semi-intact leech preparation is modified by habituation, dishabituation, and sensitization. The observed plasticity of the semi-intact preparation is quite similar to that observed in the intact animal (Stoller and Sahley, 1985) . Habituation of the response occurs following 20 presentations of a tactile stimulus applied to the anterior dorsal surface, and dishabituation occurs following the presentation of a noxious stimulus. Moreover, the degree of habituation is dependent on the interstimulus interval. That is, habituation training results in progressively more habituation as the IT1 goes from 10 set to 5 min. In fact, no behavioral decrement occurs with a 10 set IT1 (see Figs. 3, 4) .
Our findings support the idea that 2 independent processes, habituation and sensitization, interact in the final determination of a behavioral response. Moreover, we suggest that the characteristics of the stimulus, the frequency and intensity, are critical determinants of the observed behavior. Experiment 2 demonstrates that the frequency of the stimulus plays a large role in the behavioral outcome. Although Thompson et al. (1973) suggest that the intensity of the stimulus is an important determinant, it is more probable that, as proposed earlier by Groves et al. (1969) it is not any one variable but rather the interaction of stimulus intensity and frequency that is the most important factor in the behavioral response. This suggests that with a weaker stimulus, more rapid habituation would be observed in the 10 set group and a more intense stimulus would lead to an increment in the behavioral response.
Finally, presentation of the noxious stimulus following habituation training increases the magnitude of the reflex. The difference scores show that identical amounts of facilitation result from the dishabituating stimulus, despite the absolute levels of habituation attained in the individual groups (see Fig. 6 ).
Sensitization
The results of Experiment 3 indicate that presentation of a noxious stimulus prior to habituation training prevents subsequent habituation, in contrast to the case of leeches in a control group not experiencing the noxious stimulus. The effect of the stimulus lasts at least 40 min. These findings demonstrate several important facts. First, the no-shock group replicates the habituation of the reflex that we have previously seen produced by repeated stimulations (Experiment 1). Second, the noxious stimulus presented prior to habituation did not cause an increase in baseline responding, but did retard subsequent habituation. When presented a second time as the dishabituating stimulus, the same noxious stimulus produced an increase in responding for leeches in Group S. Likewise, the noxious stimulus resulted in a significant increase in responding back toward baseline for leeches in the no-shock group, which had shown significant habituation.
Prevention of habituation by a noxious stimulus has not been described in much detail. We think that the finding is important for 2 reasons. First, recent experiments on Aplysia have indicated that dishabituation and sensitization may be distinct from each other both at a behavioral level (Rankin and Carew, 1988) and at a cellular level (Gingrich and Byrne, 1985; Hochner et al., 1986) . Prevention of habituation may represent a novel additional process and/or a variation of the processes known to mediate dishabituation or sensitization. The ultimate answer requires the cellular analysis of these behavioral phenomena. Our semi-intact preparation provides us with a tool for examining the similarities and/or differences between the behavioral phenomena of dishabituation and sensitization. It is clear from recent cellular experiments that a noxious stimulus can have multiple effects. That is, many cells within a behavioral circuit can be modified as a result of sensitization training (Frost and Kandel, 1984; Sahley, 1987; Frost et al., 1988) and/or several cellular changes can occur within a given neuron (Hochner et al., 1986) . The resultant behavioral outcome is determined by the interaction and balance of all of these changes.
Moreover, we would like to suggest that prevention of habituation as a result of sensitization produced by the unconditioned stimulus (US) may be a critical first step in the formation of associations. This is not a new idea. It was first suggested that it applied on a behavioral level by Humphrey (1933) and more recently by Davis (1970) . In addition, experiments on latent inhibition demonstrate that habituation of a stimulus prior to training impairs conditioning to the habituated stimulus (Lubow and Moore, 1959; Lubow, 1973) . Moreover, on a cellular level, Hawkins et al. (1983) have demonstrated that, in Aplysia, classical conditioning is the result, to a great extent, of an enhancement of the heterosynaptic facilitation produced by a sensitizing stimulus. In this paper we have demonstrated that one effect of a sensitizing stimulus can be the prevention of habituation of the touch-elicited shortening reflex. It will be interesting to determine whether prevention of habituation is important in the classical conditioning modification of this same reflex.
